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$EVWUDFW
,QWURSLFDOUHJLRQV1±6WKHHDVWZHVWEXLOGLQJIDFDGHVUHFHLYHWKHJUHDWHVWDPRXQWRIVRODUUDGLDWLRQIRUYHUWLFDO
ZDOOV 7KH QHHG IRU JOD]LQJ ZLQGRZV LQ WKDW DUHD VRPHWLPHV FDQQRW EH DYRLGHG GXH WR YDULRXV UHDVRQV UHJDUGLQJ WR VSDFH
SODQQLQJ LQVLGH WKHEXLOGLQJ7KHSUHVHQFHRIHDVWZHVWJOD]LQJZLQGRZVFDXVHV WKH LQFUHDVLQJRIDLUFRQGLWLRQLQJ ORDGRI WKH
EXLOGLQJDWDVLJQLILFDQWUDWHZKLFKFDXVHVLQFUHDVLQJHQHUJ\XVDJH7KHUHDUHVHYHUDOH[WHUQDOVKDGLQJGHYLFHVDYDLODEOHWREH
XVHGWROLPLWWKHLQFRPLQJORZDOWLWXGHDQJOHVXQOLJKWIDOOLQJWRWKDWGLUHFWLRQKRZHYHUDOOWKHDYDLODEOHVXQVKDGLQJGHYLFHVDUH
QRWDGMXVWHGDQGEDVHGRQWKHIL[HGORFDWLRQDVDSDUWRIEXLOGLQJIDoDGH6LQFHWKHVXQPRYHVUHJXODUO\DFFRUGLQJWRLWVGDLO\DQG
VHDVRQDOSDWKJHQHUDOO\ WKH IL[HGH[WHUQDO VXQ VKDGLQJGRHVQRW IXQFWLRQZHOO WR UHGXFH VRODUKHDWJDLQDVZHOO DV WRNHHSDQ
LQGRRUVWDQGDUGLOOXPLQDWLRQOHYHOVLPXOWDQHRXVO\
7KHVRODUSRZHUHGDXWRPDWLFYHUWLFDOVKDGLQJGHYLFHLVWKHVROXWLRQIRUWKHSUREOHPVLQFHLWREVWUXFWVWKHGLUHFWVRODUKHDWXVLQJ
WKHUHFHLYHGVRODUHQHUJ\LWVHOIDQGDWWKHVDPHWLPHPDLQWDLQLQJWKHUHTXLUHGGD\OLJKWLOOXPLQDWLRQDWDQDSSURSULDWHOHYHOLQVLGH
WKHURRP7KHUHVHDUFKGHDOLQJZLWKVRODUSRZHUHGDXWRPDWLFVKDGLQJGHYLFHZDVGHYHORSHGWKURXJKLQWHJUDWHGLQWHUGLVFLSOLQDU\
DQGFROODERUDWLYHDSSURDFKDWWKH&HQWHUIRU%XLOGLQJ(QHUJ\6WXG\3HWUD&KULVWLDQ8QLYHUVLW\6XUDED\D
7KHEURDGHQXVDJHRI WKLV GHYLFH DOVRRSHQVSRVVLELOLW\ WRZDUGDPRUH VSHFLILF FXOWXUDOO\ IDoDGH WKDW HQFRPSDVVHV IXQFWLRQDO
QHHGVHQHUJ\HIILFLHQF\FULWHULDDUFKLWHFWXUDODHVWKHWLFYDOXHDQGFXOWXUDODSSHDUDQFHRIEXLOGLQJ


&RUUHVSRQGLQJDXWKRU7HO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
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI'HSDUWPHQWRI$UFKLWHFWXUH)DFXOW\RI&LYLO(QJLQHHULQJDQG3ODQQLQJ,QVWLWXW7HNQRORJL
6HSXOXK1RSHPEHU,76
Keywords: building façade; shading device; solar-powered automatic vertical shading device.  
,QWURGXFWLRQ

1.1. The importance of shading devices 
%XLOGLQJVDFFRXQWIRUDKLJKSURSRUWLRQRIUHVRXUFHXVHDQGZDVWHJHQHUDWLRQ5HVHDUFKLQ86$UHYHDOV
WKHIDFWVDVIROORZV 
 RISRWDEOHZDWHUFRQVXPSWLRQ
 RIZDVWHRXWSXW
 RIFDUERQGLR[LGHHPLVVLRQV
 RIUDZPDWHULDOVXVH
 RIHQHUJ\XVH
%DVHGRQW\SLFDOHQHUJ\FRQVXPSWLRQIRUFRPPHUFLDOEXLOGLQJDQGUHVLGHQWLDOEXLOGLQJWKHUHDUHWZRPDMRUSRWHQWLDO
HQHUJ\ FRQVXPHU ZKLFK DUH +9$& V\VWHP KHDWLQJYHQWLODWLQJDLU FRQGLWLRQLQJ V\VWHP  DQG OLJKWLQJ
V\VWHPDOWKRXJKIRUVRPHVSHFLILFEXLOGLQJHJXQLYHUVLW\FDPSXVHVDQGRIILFHVFRPSXWHUVDQGRIILFH
HTXLSPHQWSOD\DVLJQLILFDQWUROHIRUWKHHQHUJ\FRQVXPSWLRQWRR
*HQHUDOO\WKHSURILOHRIHQHUJ\FRQVXPSWLRQLQEXLOGLQJVLVSUHVHQWHGRQWKHVHSLHFKDUWV


  D     E







 
)LJ7\SLFDOEXLOGLQJHQHUJ\FRQVXPSWLRQDUHVLGHQWLDOEXLOGLQJEFRPPHUFLDOEXLOGLQJ

7KHFDSDFLW\RI+9$&LVGHWHUPLQHGE\WKHFRROLQJORDGRIEXLOGLQJWKDWFRQVLVWVRIH[WHUQDODQGLQWHUQDOORDGV
:KLOHH[WHUQDOFRROLQJORDGFRPSULVHVRI
 :DOOFRQGXFWLRQ
 *ODVVFRQGXFWLRQ
 *ODVVUDGLDWLRQ
 9HQWLODWLRQ
 ,QILOWUDWLRQ
 5RRIFRQGXFWLRQ
7KHPDMRULW\RIH[WHUQDOFRROLQJORDGLVGRPLQDWHGE\VRODUKHDWJDLQWKURXJKJODVVZKLFKLVWUDQVPLWWLQJKHDW
JDLQWKURXJKFRQGXFWLRQDQGUDGLDWLRQ7KHPDLQVWUDWHJ\WRGHFUHDVHFRROLQJORDGLVWROLPLWVRODUUDGLDWLRQWKURXJK
JOD]LQJFRPSRQHQWWKDWFDQEHGRQHE\VHOHFWLQJSURSHUJODVVRUGHVLJQLQJDSSURSULDWHVKDGLQJGHYLFH


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)LJ7\SLFDOEXLOGLQJFRROLQJORDG

7KHPDMRULW\RIH[WHUQDOFRROLQJORDGLVGRPLQDWHGE\VRODUKHDWJDLQWKURXJKJODVVZKLFKLVWUDQVPLWWLQJKHDW
JDLQWKURXJKFRQGXFWLRQDQGUDGLDWLRQ7KHPDLQVWUDWHJ\WRGHFUHDVHFRROLQJORDGLVWROLPLWVRODUUDGLDWLRQWKURXJK
JOD]LQJFRPSRQHQWWKDWFDQEHGRQHE\VHOHFWLQJSURSHUJODVVRUGHVLJQLQJWKHDSSURSULDWHVKDGLQJGHYLFH

1.2. The solar path and solar radiation 

,QWKHHTXDWRUDUHD61LQFOXGLQJ,QGRQHVLDWKHVXQLVDOPRVWGLUHFWO\RYHUKHDGWKURXJKRXWWKH
\HDU(DVWDQGZHVWRULHQWDWLRQVUHFHLYHWKHPRVWVRODUH[SRVXUHKHUHDQGWKHUHIRUHKDYHWKHPRVWSRWHQWLDOIRUVRODU
KHDWJDLQV7KH VRODUSDWKGLDJUDP IRU HTXDWRU DUHD LQGLFDWHV WKDWERWK1RUWK DQG6RXWKRULHQWDWLRQV DOVR UHFHLYH
VRODUH[SRVXUHIRUDSRUWLRQRIWKH\HDU
7KHDPRXQWRIVRODUUDGLDWLRQGLIIHUVDFFRUGLQJWRWKHEXLOGLQJRULHQWDWLRQWKXVWKH(DVW±:HVWZDOOVZLQGRZV
UHFHLYHJUHDWHUDPRXQWWKDQ1RUWK6RXWKZDOOVZLQGRZV


)LJ6XQSDWKGLDJUDPIRUWKHHTXDWRUDUHD



)LJ6RODUUDGLDWLRQJUDSKIRUHTXDWRUDUHD1±6
6RXUFH(QHUJ\SOXVVRIWZDUHE\-DWPLNDHWDO



1.3. Shading devices 

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6KDGLQJGHYLFHVFDQVLJQLILFDQWO\UHGXFHEXLOGLQJKHDWJDLQVIURPVRODUUDGLDWLRQZKLOHPDLQWDLQLQJRSSRUWXQLWLHV
IRUGD\OLJKWLQJYLHZVDQGQDWXUDOYHQWLODWLRQ&RQYHUVHO\FDUHIXOO\GHVLJQHGVKDGLQJGHYLFHFDQDGPLWGLUHFWVRODU
UDGLDWLRQGXULQJVSHFLILFWLPHVRIWKH\HDUZKHQVXFKHQHUJ\LVGHVLUHGWRPSDVVLYHO\KHDWDEXLOGLQJHVSHFLDOO\RQ
WKHPRXQWDLQ KLJK ODQGV:KLOH WKHZLQGRZ LV RIWHQ WKH IRFXV RI VKDGLQJ GHYLFHVZDOOV DQG URRIV FDQ DOVR EH
VKDGHG WR KHOS UHGXFH KHDW JDLQV WKURXJK WKH RSDTXH EXLOGLQJ HQYHORSH 7KH PDLQ SXUSRVH RI VKDGLQJ GHYLFHV
HQFRPSDVVHV
 7KHUPDOIXQFWLRQ7RUHGXFHVRODUKHDWJDLQV
 3K\VLFDOIXQFWLRQ7RFRQWUROYLHZVLQWRDQGRXWRIDEXLOGLQJUHGXFHVRODUJODUHSURYLGHUDLQSURWHFWLRQIRU
RSHQLQJZLQGRZVWRVHUYHDVSDUWRIDPDLQWHQDQFHVWUDWHJ\
 $HVWKHWLFIXQFWLRQ7RH[SUHVVDUFKLWHFWXUDODHVWKHWLFE\IDoDGHDSSHDUDQFH

6KDGLQJGHYLFHVFRPHLQGLIIHUHQWIRUPV
1.3.1. Fixed Conventional Shading Devices: 


)LJ+RUL]RQWDOSURMHFWLRQ

1.3.2.Horizontal overhangs generally used to combat high-angle midday sunshine 


)LJ9HUWLFDOSURMHFWLRQ

1.3.3.Vertical fins are used to indirectly block low-angle sunshine in the early mornings and late afternoons. 


)LJ(JJFUDWHVKDGLQJGHYLFH

$K\EULGRIWKHWZRSUHYLRXVVKDGLQJGHYLFHVDQGFDQEHXVHGLQPRVWIDFDGHRULHQWDWLRQ
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7KHSUREOHPRIIL[HGVKDGLQJGHYLFHLQFOXGHV
 3RWHQWLDOUHGXFWLRQLQGD\OLJKWWUDQVPLVVLRQFDXVHVUHGXFWLRQRIUHTXLUHGLOOXPLQDWLRQOHYHOVRWKDWWRHQFRXUDJH
XVDJHRIOLJKWLQJ
 5HGXFHGDFFHVVLELOLW\WRJODVVIRUFOHDQLQJDQGPDLQWHQDQFH
 $GGLWLRQDOPDLQWHQDQFHRIVKDGLQJGHYLFHHVSHFLDOO\IRUPHWDOVXQVKDGHVZLWKFRDWHGRUDQRGL]HGILQLVKHV
 &RVWDQGLPSDFWRQHDVHRIFRQVWUXFWLRQ

1.3.4. Adjustable shading devices: 
D 0DQXDO/LPLWHGIOH[LELOLW\DQGGHSHQGVRQKXPDQDFWLYLW\
E $XWRPDWLF/LQNHG WRGD\OLJKW VHQVRUV DQGRU VXQ WUDFNLQJ V\VWHPV WR DGMXVW WKHRSHQLQJRI WKH VKDGLQJ
GHYLFH GHSHQGLQJ RQ WKH VN\ FRQGLWLRQV IXOO VXQ RU RYHUFDVW VN\ DQG RU WLPH RI GD\ PRUQLQJ RU
DIWHUQRRQ

1.4. The automatic vertical shading devices: 

7KHDGYDQWDJHRIDXWRPDWLFVKDGLQJGHYLFH
 (QDEOHREWDLQLQJWKHUHTXLUHGLOOXPLQDWLRQOHYHOLQVLGHURRPGXHWRDXWRPDWLFPRYHPHQWRIYHUWLFDOILQVWRWUDFH
WKHVRODUSDWK7KDWPHDQVWKHUHGXFWLRQRIHQHUJ\GXHWROLJKWLQJ
 (QDEOH UHGXFLQJ WKH WKHUPDO ORDGGXH WRREVWUXFWLQJGLUHFW VRODUKHDWJDLQ VR WKDWGHFUHDVLQJRI FRROLQJ ORDG
7KDWPHDQVWKHUHGXFWLRQRIHQHUJ\GXHWR+9$&

1.5. The solar automatic vertical shading devices: 

7KHDGYDQWDJHRIVRODUDXWRPDWLFVKDGLQJGHYLFH
 (QDEOHREWDLQLQJWKHUHTXLUHGLOOXPLQDWLRQOHYHOLQVLGHURRPGXHWRDXWRPDWLFPRYHPHQWRIYHUWLFDOILQVWRWUDFH
WKHVRODUSDWK7KDWPHDQVWKHUHGXFLQJRIHQHUJ\GXHWROLJKWLQJ
 (QDEOH UHGXFLQJ WKH WKHUPDO ORDGGXH WRREVWUXFWLQJGLUHFW VRODUKHDWJDLQ VR WKDWGHFUHDVLQJRI FRROLQJ ORDG
7KDWPHDQVWKHUHGXFLQJRIHQHUJ\GXHWR+9$&
 +DUQHVVLQJVRODUHQHUJ\UHFHLYHGE\ WKHVKDGLQJGHYLFHE\FRQYHUWLQJVRODUHQHUJ\ WRHOHFWULFLW\SKRWRYROWDLF
FHOODVWKHPRWRUSRZHUWRPRYHWKHYHUWLFDOILQVDXWRPDWLFDOO\

5HVHDUFK2EMHFWLYHVDQG,QWHQWLRQV

2.1. The objectives: 
 7RILQGSURWRW\SHRIVRODUDXWRPDWLFYHUWLFDOVKDGLQJGHYLFHWKDWFDQEHXVHGIRUHDVWZHVWZLQGRZWRPLQLPL]H
VRODUKHDWJDLQ
 7KHGHYLFHKDVWREHPRYHGWRZDUGWKHVRODUSDWKWRREVWUXFWVRODUKHDWJDLQGLUHFWO\
 7KHGHYLFHKDVWREHFDSDEOHWRWUDQVPLWGD\OLJKWLQJWRURRPLQVLGHWRPDLQWDLQWKHUHTXLUHGLOOXPLQDWLRQOHYHO
 7KHGHYLFHKDVWREHRSHUDWHGXVLQJWKHUHFHLYHGVRODUHQHUJ\

2.2. The intention: 
 6XSSRUWLQJQRQUHQHZDEOHHQHUJ\FRQVHUYDWLRQSURJUDPPHE\UHGXFLQJHQHUJ\GXHWR+9$&V\VWHPWRDFKLHYH
HQHUJ\HIILFLHQWEXLOGLQJ
 6XSSRUWLQJQRQUHQHZDEOHHQHUJ\FRQVHUYDWLRQSURJUDPPHE\UHGXFLQJHQHUJ\GXHWROLJKWLQJV\VWHPWRDFKLHYH
HQHUJ\HIILFLHQWEXLOGLQJ
 (QFRXUDJLQJUHQHZDEOHHQHUJ\KDUQHVVLQJSURJUDPPHVRODUHQHUJ\WRDFKLHYHHQHUJ\HIILFLHQWEXLOGLQJ

5HVHDUFK0HWKRG

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
7KHPHWKRG WR EH XVHG IRU WKLV UHVHDUFK LV illumination-based controlZKHUH WKH LOOXPLQDWLRQ OHYHO LQVLGH WKH
URRPLVPDLQWDLQHGEDVHGRQVWDQGDUGRIOX[WRHQFRXUDJHGD\OLJKWXWLOL]DWLRQLQVWHDGRIOLJKWLQJGXULQJWKHGD\
7KH LOOXPLQDWLRQ VHQVRU LQVLGH WKH EXLOGLQJ RUGHUV WKH VKDGLQJ GHYLFH WR URWDWH DQG WKH VKDGLQJ GHYLFH URWDWHV
UHJXODUO\WRIROORZWKHPRWLRQRIWKHVXQWRUHVLVWGLUHFWVXQOLJKWZKLOHNHHSLQJWKHLQGRRULOOXPLQDWLRQFRQVWDQWWR
OX[IRUJHQHUDORIILFHZRUN
7KH PHWKRG ZDV FRQGXFWHG WKURXJK LQWHJUDWLRQ RI LQWHUGLVFLSOLQDU\ DSSURDFK OHDGV WR DQ ,QWHJUDWHG 6KDGLQJ
'HYLFHWKDWFRPSULVHVRI
3K\VLFDOWHVWLQJFKDPEHU
 'HILQLQJWHVWLQJFKDPEHUVFKDPEHUV
7HVWLQJFKDPEHUVFRQVLVWRIWKUHHFKDPEHUWKDWDUHVHSDUDWHGHDFKRWKHUE\SDUWLWLRQ
7HVWLQJFKDPEHU%KDVZLQGRZZLWKIXOO\YHUWLFDOVKDGLQJGHYLFH
7HVWLQJFKDPEHU%KDVZLQGRZZLWKSHUIRUDWHGVKDGLQJGHYLFH
7HVWLQJFKDPEHU%KDVZLQGRZZLWKRXWVKDGLQJGHYLFHDVDUHIHUHQFHRIXQREVWUXFWHGZLQGRZ
(DFKFKDPEHULVHTXLSSHGZLWKFPKHLJKWWDEOHDVDEHQFKPDUNRIVWDQGDUGL]HGKHLJKWZRUNLQJWDEOH
7KH ORFDWLRQ RI WHVWLQJ FKDPEHU LV RQ WKH URRI WRS LQ RUGHU WR JHW D GLUHFW VXQOLJKW DQG IUHH IURP
RYHUVKDGRZLQJRIEXLOGLQJDURXQG
$OWKRXJKWKHSODFLQJRIPRGHOGRHVQRWUHSUHVHQWDFWXDOFRQGLWLRQRIJHQHUDOO\VLGHZLQGRZZLWKLQDURRP
KRZHYHU WKH PHFKDQLVP RI PRYLQJ EODGH WKDW URWDWHV UHJXODUO\ DFFRUGLQJ WR WKH QHHG RI PLQLPXP
UHTXLUHPHQWLOOXPLQDWLRQLQVLGHOX[UHIHUHQFHOHYHODOORZVFRQWUROOLQJWKHUHTXLUHGDPRXQWRIGD\OLJKW
E\RSHQLQJRUFORVLQJEODGHVLQDFFRUGDQFHZLWKDGMXVWPHQWRILWVDQJOHRIURWDWLRQ
 'HILQLQJWKHVKDSHDQGW\SHRIYHUWLFDOVKDGLQJEODGH
 'HILQLQJPDWHULDORIVKDGLQJGHYLFH
 'HWHUPLQLQJLQVWUXPHQWVDQGPHDVXULQJPHWKRGIRUWHPSHUDWXUHDQGLOOXPLQDWLRQ


)LJ7HVWLQJFKDPEHU



)LJ9HUWLFDOVKDGLQJGHYLFHDQGDXWRPDWLFFRQWUROD3HUIRUDWHGYHUWLFDOVKDGLQJE)XOO\YHUWLFDOVKDGLQJ



0HFKDQLFDOFRPSRQHQWV
 'HILQLQJPRWLRQPHFKDQLVPRIVKDGLQJ
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 'HWHUPLQLQJPDLQDQGVXSSRUWLQJFRQVWUXFWLRQRIGHYLFH
(OHFWURQLFFRQWUROV\VWHP
 'HILQLQJFRPSRQHQWVRIDXWRPDWLFHOHFWURQLFFRQWURO3URJUDPPDEOH/RJLF&RQWURO3/&
 'HILQLQJLOOXPLQDWLRQDQGWKHUPDOVHQVRUVGULYHUDQGIHHGEDFN
(OHFWULFDOFRPSRQHQWV
 'HILQLQJHOHFWULFVRODUV\VWHP Photovoltaic Solar Cell,  '&PRWRUCharge Controller
 'HILQLQJLQYHUWHUDQGEDWWHU\


)LJ3KRWRYROWDLFPRGXOHZLWKLQYHUWHUDQGEDWWHU\


([SHULPHQW$FWLYLWLHV

'XULQJRSHUDWLRQDO VWDJH WKH VKDGLQJGHYLFH URWDWHV DXWRPDWLFDOO\ IROORZV WKH VXQPRWLRQZKLOH WHPSHUDWXUH DQG
LOOXPLQDWLRQOHYHOLQVLGHWKHFKDPEHUVZHUHPHDVXUHG
$WWKHWHVWLQJFKDPEHU%RSHQZLQGRZZLWKRXWYHUWLFDOVKDGLQJGHYLFHKDVUHVXOWVDVIROORZV
 7HPSHUDWXUHPHDVXUHPHQWV&&
 ,OOXPLQDWLRQPHDVXUHPHQWV±/X[
$WWKHWHVWLQJFKDPEHU%ZLQGRZZLWKIXOO\YHUWLFDOVKDGLQJGHYLFHKDVUHVXOWVDVIROORZV
 ,OOXPLQDWLRQOHYHOLVGHILQHGOX[DVUHIHUHQFHOHYHO
 ,QGRRUWHPSHUDWXUHLVPHDVXUHG
$WWKHWHVWLQJFKDPEHU%ZLQGRZZLWKSHUIRUDWHGYHUWLFDOVKDGLQJGHYLFHKDVUHVXOWVDVIROORZV
 ,OOXPLQDWLRQOHYHOLVGHILQHGOX[DVUHIHUHQFHOHYHO
 ,QGRRUWHPSHUDWXUHLVPHDVXUHG

4.1. Time of measurement 

0HDVXUHPHQWV ZHUH WDNHQ DV UHSUHVHQWDWLRQ RI GDLO\ VXQ SDWK PRUQLQJDIWHUQRRQ DQG VHDVRQDO SDWK 2FWREHU
'HFHPEHUZKHUHWKHZHVWHUQORZHVWDOWLWXGHWDNHVSODFH
D7LPHRIPHDVXUHPHQW PLQXWHVDPSP
E0RQWKV2FWREHU'HFHPEHUDQG

4.2. Measurement instruments 
D/X[PHWHUGDWDORJJHU
E*OREH7KHUPRPHWHUGDWDORJJHU

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)LJ0HDVXUHPHQWDWWHVWLQJFKDPEHU%


)LJ0HDVXUHPHQWDWWHVWLQJFKDPEHU%


)LJ0HDVXUHPHQWDWWHVWLQJFKDPEHU%

  
5HVXOWVDQG'LFXVVLRQ

5.1. Results analyses 

 6LQFH WKHSUHGHILQHGPHWKRG WREHXVHG IRU WKLV UHVHDUFK LV illumination-based control ZKHUH WKH LOOXPLQDWLRQ
OHYHO LQVLGH WKH URRP LVPDLQWDLQHGEDVHGRQ VWDQGDUGRI  OX[ WR HQFRXUDJHGD\OLJKW XWLOL]DWLRQ LQVWHDGRI
OLJKWLQJGXULQJWKHGD\KHQFHLWFDQEHREVHUYHGWKDWWKHPHFKDQLVPRIYHUWLFDOEODGHVVXFFHHGWRPDLQWDLQWKH
EHQFKPDUNRIOX[WKURXJKWKHXVDJHRIHLWKHUIXOO\YHUWLFDOGHYLFHRUSHUIRUDWHGYHUWLFDOGHYLFH
7KHDFWXDOLOOXPLQDWLRQRIFKDPEHUZLWKRXWVKDGLQJGHYLFHDWDOOVRDUVXSWR±OX[7KHVXFFHVVIXO
URWDWLQJEODGHZRUNVZHOO WRFRRUGLQDWH WKH UHTXLUHGEHQFKPDUN LQGRRU LOOXPLQDWLRQZLWK WKHDQJOHRI URWDWLQJ
PHFKDQLVPWKURXJKWKHHOHFWURQLFFRQWUROV\VWHPDQGWKHVRODUSRZHUHGYHUWLFDOVKDGLQJDVDQDXWRPDWLFURWDWLQJ
YHUWLFDOVKDGLQJGHYLFHVXQWUDFNHUWRIROORZPRWLRQRIWKHVXQGDLO\

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)LJ,OOXPLQDWLRQOHYHOIRUDOOFKDPEHUV

 7KHRXWGRRUWHPSHUDWXUHRXWVLGHWKHZLQGRZYDULHVEHWZHHQ&±&
7KHLQGRRUWHPSHUDWXUHNHHSVUHODWLYHO\FRQVWDQWEHWZHHQ&SHUIRUDWHGEODGHWR&IXOO\EODGH7KH
URRPWHPSHUDWXUHZLWKQRVKDGHGZLQGRZKDVPRGHUDWHGLIIHUHQFHZLWKVKDGHGZLQGRZ&IDFLQJZHVWGXH
WROLPLWHGVSDFHIRUWKHWHVWLQJFKDPEHU[PDOORZLQJKHDWWUDQVIHUWKURXJKFRQGXFWLRQDPRQJWKHFKDPEHUV
7KHWHPSHUDWXUHGLIIHUHQFHRI&E\XVLQJYHUWLFDOVKDGLQJGHYLFHLVVXIILFLHQWWRUHGXFHWKHFRROLQJORDG
RI DLU FRQGLWLRQLQJ V\VWHP ZLWK UHFRPPHQGHG URRP WHPSHUDWXUH RI & WKXV LPSURYLQJ HQHUJ\ VDYLQJ
SRWHQWLDO 7\SLFDO QXPEHUV RI FRROLQJ ORDG XVHG LQ ,QGRQHVLD IRU DQ RIILFH EXLOGLQJ DUH  :P DQG
VRPHWLPHV:PRU:P+RZHYHUZLWKGHWDLOHGGHVLJQPRGHOOLQJVLPXODWLRQVDQGH[SORULQJ
WKHSRWHQWLDOSRVVLELOLW\WKLVFRROLQJORDGQXPEHUFDQEHEURXJKWGRZQWRWKHDFWXDOOHYHORIQHFHVVLW\WKXVWR
REWDLQWKHDSSURSULDWH$&VL]LQJ









)LJ7HPSHUDWXUHOHYHOIRUDOOFKDPEHUV

 7KHFRPSDULVRQXVDJHRIIXOO\YHUWLFDOEODGHDQGSHUIRUDWHGYHUWLFDOEODGHLQGLFDWHVWKDWSHUIRUDWHGEODGHKDVD
PRUHXQLIRUPGLVWULEXWLRQRIGD\OLJKW WRJLYHD³VWHDG\ LOOXPLQDWLRQ´ LQVLGH WKH URRP7KHSXQFKEODGHVKDSH
HQDEOHV GLVSHUVLRQ RI OLJKW EHWWHU WKDQ MXVW RUGLQDU\ UHIOHFWHG OLJKW RI D IXOO\ EODGH DV FDQ EH OHDUQW IURP WKH
IROORZLQJJUDSK










)LJ,OOXPLQDWLRQOHYHOFRPSDULVRQRI
IXOO\YHUWLFDOVKDGLQJDQGSHUIRUDWHGYHUWLFDOVKDGLQJ

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&RQFOXVLRQ

7KHREMHFWLYHRIWKHUHVHDUFKKDVEHHQDFKLHYHG
 7RSURWHFWURRPIURPGLUHFWH[FHVVLYHVRODU UDGLDWLRQ WKXV WRUHGXFHFRROLQJ ORDGRI+9$&V\VWHP,WPHDQV
HQHUJ\FRQVHUYDWLRQWKURXJK+9$&V\VWHP
 7R PDLQWDLQ LOOXPLQDWLRQ OHYHO DW D UHIHUHQFH OHYHO RI  OX[ E\ RSWLPL]LQJ GD\OLJKW ,W PHDQV HQHUJ\
FRQVHUYDWLRQWKURXJKOLJKWLQJV\VWHP
 7RKDUQHVVVRODUHQHUJ\E\XVLQJLWDXWRPDWLFDOO\DVUHQHZDEOHHQHUJ\IRUVKDGLQJGHYLFH¶VPHFKDQLVP,WPHDQV
HQHUJ\GLYHUVLILFDWLRQIURPQRQUHQHZDEOHHQHUJ\WRUHQHZDEOHHQHUJ\

'\QDPLFFXOWXUDOO\IDoDGHIRUIXWXUH 

7KHEURDGHQXVDJHRIWKHGHYLFHVIRUEXLOGLQJVFRQWULEXWHVVLJQLILFDQWHQHUJ\FRQVXPSWLRQUHGXFWLRQWRZDUGVHQHUJ\
HIILFLHQWEXLOGLQJVWKXVHQFRXUDJLQJDFFHOHUDWLRQRIQDWLRQDOHQHUJ\FRQVHUYDWLRQSURJUDP7KHFUHDWLYHXVHRIWKLV
GHYLFHVRSHQSRVVLELOLW\IRUDG\QDPLFIDoDGHWKDWFRPELQHVIXQFWLRQDOIXQFWLRQVDVZHOODVDUFKLWHFWXUDODHVWKHWLF
HVSHFLDOO\ZKHQLWLVGHVLJQHGE\XVLQJSDWWHUQDQGRUQDPHQWRIFXOWXUDOKHULWDJHRIWKHUHJLRQ
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